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Abstract
Recent LHC data suggest that perturbative QCD provides a qualitatively consistent picture of jet quenching.
Constrained to RHIC pi0 suppression, zero parameter WHDG energy loss predictions agree quantitatively with the
charged hadron v2 and D meson RAA measured at LHC and qualitatively with the h± RAA. On the other hand, RHIC-
constrained LHC predictions from fully strongly-coupled AdS/CFT qualitatively oversuppress D mesons compared to
data; light meson predictions are on less firm theoretical ground but also suggest oversuppression. More detailed data
from heavy, especially B, mesons will continue to help clarify our picture of the physics of the quark-gluon plasma.
Since the approach of pQCD predictions to LHC data occurs at momenta & 15 GeV/c, a robust consistency check
between pQCD and both RHIC and LHC data requires RHIC jet measurements.
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1. Introduction
Jet quenching calculations compared to data provide the most direct and detailed probe of the relevant degrees
of freedom of the quark-gluon plasma created in relativistic heavy ion collisions at RHIC and LHC [1]. While
early comparisons of pQCD-based energy loss calculations to the measured light hadron suppression at RHIC were
successful [2], those made to heavy quark suppression and the azimuthal anisotropy of the data showed a quantitative
disagreement [3, 4]. Subsequent to the success of strongly-coupled AdS/CFT techniques in describing the very small
measured viscosity to entropy ratio, η/s ∼ 0.1, extracted from hydrodynamic studies at RHIC and LHC [5, 6], these
tools were used [7, 8] to quantitatively describe the suppression of the remnants of high-pT heavy quarks at RHIC
[9, 10]. The exciting new data from LHC begs for comparison with theoretical calculations.
In this paper we will use the WHDG energy loss model [3] to compare perturbative QCD (pQCD) calculations
to data. In this model, radiative energy loss from the pQCD-based DGLV opacity expansion derivation is incoher-
ently convolved with pQCD-based collisional energy loss. Due to the finite kinematics relevant in RHIC and LHC
collisions, the magnitude of the collisional loss is of the same order as the radiative loss and is crucially important
for consistently describing both the heavy and light meson suppression [3]. While there are large systematic theo-
retical uncertainties in the inelastic energy loss due to the collinear approximation [11], these uncertainties are small
for predictions when the medium density is constrained by data [12, 13], like those presented in these proceedings.
AdS/CFT energy loss predictions here are implemented [14] based on the heavy quark drag derivations [7, 8].
2. Energy Loss Model Results
The charged particle suppression was the first jet quenching measurement to emerge from LHC [15, 16]. Com-
pared to zero parameter predictions constrained to RHIC data [12, 13], the LHC data appeared surprisingly transpar-
ent, Fig. 1 (a). Here zero parameter predictions means keeping all theoretical input values fixed except for the QGP
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medium density, which is assumed to scale linearly with the observed charged particle multiplicity. The LHC charged
particle RAA taken together with the more recent LHC D meson suppression and v2 of the charged hadron data, along
with the RHIC pi0 RAA and v2 and non-photonic electron RAA, the zero parameter WHDG predictions manage a sur-
prisingly good global description of the data, on the order of ±50%; see Fig. 1 (b) and (c). This level of accuracy is
similar to the next-to-leading order pQCD predictions of particle production in hadronic collisions [16, 17]. The NLO
pQCD production calculation is much cleaner theoretically, and we must therefore consider its level of discrepancy
as a good estimate of the lower bound of the discrepancy we should expect from an honest comparison between QCD
calculations and data. In particular, the level of agreement between the WHDG calculations and data is in a sense a
pleasant surprise given that WHDG is only a leading order computation.
(a) (b)
(c)
Figure 1: The plotted pQCD calculations are based on the WHDG model of energy loss, which assumes partons are weakly coupled to a weakly
coupled quark-gluon plasma [3] and are constrained to RHIC pi0 RAA data [12, 13]. (a) RAA(pT ) of pions at mid-rapidity and in most central
collisions compared to LHC charged hadron data [16]. (b) v2(pT ) of pions at mid-rapidity and at 40-50% centrality compared to LHC charged
hadron data [18]. (c) RAA(pT ) for D mesons at mid-rapidity and 0-20% centrality compared to LHC data [19].
Just like the pQCD calculations, one may make simultaneous comparisons between results predicted by AdS/CFT
and RHIC and LHC data. Since the light quark energy loss derivation is under less theoretical control, we compare
only to data related to heavy quark suppression. It is also nontrivial to translate the relevant QCD parameters into
those used in the AdS/CFT calculation; a reasonable exploration of the possibilities is represented by the three curves
shown in Fig. 2 (a), which quantitatively describe the suppression of non-photonic electrons at RHIC. Making the
same zero parameter extrapolation to LHC as was done for the pQCD calculation results in a D meson suppression
which is much greater than that observed by the data, Fig. 2 (b). In fact, the disagreement with the central data values
is qualitative as opposed to quantitative as in the perturbative case; however, the current experimental uncertainties
are large and do not seem to completely preclude the possibility of a non-perturbative description of the data.
Despite significant efforts [20–22], AdS/CFT estimates for light quark and gluon energy loss are qualitative at
best. Nevertheless, naive application of AdS/CFT techniques robustly suggest that even very large momentum quarks
(∼ 100 GeV/c) strongly coupled to a strongly coupled medium of constant temperature thermalize extremely rapidly,
∼ 2.7 fm. Recent work [23] has found that when Bjorken expansion is included and the temperature decreases with
time the thermalization distance increases to ∼ 4.1 fm. Taken seriously, it is difficult to imagine that a relatively
sophisticated estimate of the suppression would be consistent with data.
There are already some tantalizing results on B meson suppression from CMS. In Fig. 3 (a) we see that both
W. A. Horowitz / Nuclear Physics A 00 (2018) 1–4 3
(a) (b)
Figure 2: (a) Comparison of the measured non-photonic electron suppression at RHIC [24, 25] and predictions from an AdS/CFT drag model
[10, 14]. (b) Comparison of measured D meson suppression at LHC [19] and predictions from the same AdS/CFT drag model [26].
AdS/CFT and WHDG calculations are consistent with the current experimental results. Future measurements will
hopefully be more distinguishing. In particular, the generic predictions of the mass and momentum dependence of
AdS/CFT and pQCD are strikingly different; we show this difference in Fig. 3 (b). Generically, the perturbative
calculations “lose track” of the mass of the parent parton as the momentum scale increases; on the other hand, to
leading order, the AdS calculations do not. The suppression of open charm and bottom production in p + A collisions
will provide another interesting test of the AdS/CFT drag formalism [27].
(a) (b)
Figure 3: (a) Comparison of the measured non-prompt J/ψ mesons, the decay products of B mesons, as measured by CMS at LHC [28] to both
AdS/CFT [14, 26] and pQCD predictions [3, 13, 26]. (b) The double ratio of D meson RAA to B meson RAA as a function of pT from WHDG [3]
and an AdS/CFT drag model [14, 26].
3. Conclusions
Despite the success of AdS/CFT in readily describing the near-perfect fluidity of QGP from leading order results,
we find that high-pT observables are best described assuming a weakly coupled probe interacting with a weakly
coupled medium. AdS/CFT calculations of the energy loss of a probe strongly coupled to a strongly coupled medium
lead to an overprediction of the suppression compared to data. Perhaps next-to-leading order effects, both from the
pQCD side and from the AdS/CFT side will shed light on this discrepancy.
It is worth emphasizing that—lacking a theoretical handle on NLO effects—one can see the apparent onset of the
applicability of pQCD techniques by comparing the calculations to data in Fig. 1 at & 15 - 20 GeV/c; the discrepancy
below these momenta seem to imply that non-perturbative effects are large. Due to limited statistics, current and
future single particle observables at RHIC in the momentum range where pQCD techniques describe the data well
are limited to only light hadron RAA. An experimental test of the consistent, coherent picture of pQCD energy loss
techniques as applied in heavy ion collisions for partons of momenta & 15 - 20 GeV/c would require measurements
of more differential observables and also heavy mesons; these measurements, in turn, for purely statistical reasons,
require the measurement of jet observables at RHIC.
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